Abstract. Phosphocalcic glasses, based on ternary system
INTRODUCTION
Research on bioactive glasses continues today, nearly 50 years after patenting of the first composition, 45S5, by Hench and Clark in 1968. After they showed the osteointegration potential of phosphocalcic glass composition, the next step was to study the possible antimicrobial, anti inflammatory and healing properties. That can be conferred by modification of chemical composition, thermal treatments, but especially by doping with different metals with such already known properties [1, 2, 3, 4] .
The reparative and reconstructive medicine has as main objective the use of biofunctionally, biomechanically and, last but not least, bioprofilactic materials for the hard tissues, but also for the soft tissues adjacent to the implant [5] .
Bioactive and prophylactic glasses represent a relatively new class of inorganic biocompatible materials that are far from demonstrating their full applicative potential in implantology. They induce the postimplantation formation of a carbonated hydroxyapatite layer at their surface, easy to colonize by skeletal cells (osteoblasts, tenocytes, chondrocytes), which leads to a strong bond with bone tissue [6, 7] .
Hydroxyapatite (HAp) is the mineral component of bones and teeth with applications for conservation and restoration of these tissues [8] . Due to the poor mechanical characteristics, this biomaterial along with the bioactive glasses is used for coating applications, especially on metallic biomaterials [9] .
The introduction of silver, copper and other bactericidal metals into the biomaterial composition was preferred to the introduction of antibiotics (gentamicin, vancomycin, cefalexin etc.) [10] [11] [12] [13] [14] because most strains of microorganisms became resistant to drugs and their effectiveness in preventing and the fight against infections has become limited, not to mention the extremely high costs of using them [15] .
The doping of biomaterials with copper began to be practiced only after 2005 [16] , although its antimicrobial capacity has been known since the Hippocratic time (400 BC) which prescribes it in the treatment of pulmonary, psychic and water problems.
EXPERIMENTAL PROCEDURE
Three glass compositions from SiO 2 -CaO-P 2 O 5 system were synthesized. The composition of bioactive glasses obtained and analyzed in this paper is shown in Table 1 .
The two glasses denoted S1 and S2 were synthesized by the sol-gel method using the following precursors:
-tetraethylortosilicate (Si(OC 2 H 5 ) 4 The raw materials were mixed, milled and melted in alumina crucibles at 1415 °C. The molten glass obtained was partially cast on a metal plate, and the remainder in a crucible with water. In the next step both glasses obtained by melting method were annealed in order to relieve residual internal stresses. Finally, the two samples were milled in order to achieve the bioactivity test by soaked in simulated body fluid.
The synthesis of sol-gel glasses is carried out in four steps [17] : -hydrolysis and condensation of precursors in order to obtain sol -gelling and aging of the gel ( Figure 1a) ; -drying of the gel with formation of xerogel at temperatures below 180 ° C for 48-72 hours ( Figure 1b) ; -stabilization of xerogels by calcination at 600 ° C for 8 hours. (Figure 1c 
METHODS OF ANALYSIS
The evaluation of the three samples was carried out by: X-ray diffraction, X-ray fluorescence spectroscopy (WD-XRF), infrared spectroscopy (FTIR), SEM (electronic scanning microscopy); microbiological assessment required the testing of the antibacterial properties of copper-doped bottles (S2 and S3) on two reference bacteria cultures most commonly found in nosocomial infections: Staphylococcus aureus (pathogen bacteria) and Escherichia coli (conditionally pathogenic bacteria).
The chemical composition was determined by X-ray fluorescence spectroscopy by using Advant'X ARLThermo Scientific spectrometer with the X-ray tube (2400 W, 60 kV and 80 mA).
The structural characterization of bioactive glass powders was performed by X-ray diffraction with Rigaku Ultima IV diffractometer, having the following characteristics: scanning range: 20-60 0 (2), scanning speed: 0.04 degree / sec, X-ray tube: power 3KW, U = 40KV, I = 40mA.
The chemical groups specific to bioactive bottles were highlighted by infrared spectroscopy (FTIR) with the Bruker Vertex 80 spectrometer having the following characteristics: scanning interval: 4000-400 cm -1 , spectral resolution: 2 cm -1 .
The morphological study of the glasses before and after immersion was performed by using the Hitachi SU-70 scanning electron microscope with a minimum resolution of 1.0 nm and acceleration voltage of 15 kV.
In order to achieve the antimicrobial properties of copper-doped glass Koch culture method to incorporate the germs into nutrient environments and incubate them in a Nitech (+/-0.1 °C) adjustable electric thermostat at the temperatures and durations specific to each type of culture.has been used.
The manipulation of bacterial cultures was performed in a microbiological niche by using sterile Pasteur pipettes, Petri dishes and sterile glassware.
RESULTS AND DISCUTION

XRD analysis
At the initial moment it can observe the predominantly amorphous structure, characteristic of the vitreous materials. For glass composition S1 were found three peaks specific to hydroxyapatite (HAp) at 25.74 2, 46.7 2 and 53.12 2Fig. 2.
In case of copper doped (S2) sample, a single specific hydroxyapatite peak was identified at 31.8 2. The peaks at 35.6 2, 38.8 2 and 48.8 2 are specific to copper oxide (ICDD-PDF 2: 00-041-0254).
After 14 days of immersion in SBF solution ( Figure 3 
Determination of elemental composition by WD-XRF analysis
The result of the WD-XRF analysis for the three synthesized glass samples is shown in Table 2 . In the case of the samples obtained by the sol-gel method (S1 and S2), the results are very close to the theoretical ones, which confirms the correctness of the adopted synthesis method [17, 18] .
For WD-XRF analysis, the results of the WD-XRF analysis revealed the presence of alumina (Al 2 O 3 ) -3.7% and magnesium oxide (MgO) -1.7% as impurities from alumina crucibles or other materials used to further processing.
Infrared spectroscopy analysis -FTIR
Molecular groups found in case of unsoaked S1 glass structure ( Figure 5) In case of glass S2 analyzed before soaked in SBF solution, the specific molecular groups has been identified at: 441 cm - Hydroxyapatite formation on the surface of S1 and S2 glasses synthesized by the sol-gel technique after in vitro soaking test in SBF highlighted by XRD and FTIR analysis confirms the bioactivity of the two compositions [19, 20, 21] .
Morphological analysis of glass samples
In the case of the first glass composition, S1, unsoaked in SBF solution (Figure 7a ), SEM analysis shows particles of different sizes and shapes (10 and 100 m). The SEM micrograph of Figure 7 .b highlights the formation of apatite on the surface of the glass powder, their size are between 0.5 m and 2 m. Also, it can be observed a increase in the coverage of the glass surface with apatite particles, which confirms the bioactivity of the glass after SBF immersion, also evidenced by the Xray diffraction analysis (Figure 3 ).
The SEM analysis, for unsoaked S2 glass sample 2 (Figure 8a ), reveals the irregular appearance of the particle surface. This suggests obtaining a material with a large specific surface area, ideal for nucleation and growth of apatite new formation at glass surface. The SEM micrograph of Figure 8a shows the formation of agglomerations with size between 1m and 3m at surface of the glass powder. After immersion for 14 days in SBF solution (Fig.8b) , form SEM analysis can be observed that a large number of apatite particles appear on the surface of the glass surface, their tendency is to form agglomerations in areas with rough surface.
Study of antimicrobial activity for copper-doped glasses
Two strains of bacteria were selected for this study: Escherichia coli MG1655 -Gram-negative conditionally pathogenic bacteria, extremely resistant to antibiotic treatment and Staphylococcus aureus ATCC reg. 25923 -Gram-positive conditionally pathogenic bacteria with the highest risk of post-operative infection, especially in prosthetic and bone reconstruction surgery [22 -24] .
Antimicrobial activity was determined at various concentrations of bioactive glass, maintaining a constant inoculation of microorganisms (3x10 8 UFC / ml). Petri dishes with nutritive media, bioactive glass and inoculum bacteria were aerobically incubated, for different periods of time and temperatures, depending of the type of bacteria used: for Staphylococcus aureus: 48 hours at 37 °C and for Escherichia coli: 24 hours at 44 °C. The volume of culture medium used was constant The Scientific Bulletin of VALAHIA University -MATERIALS and MECHANICS -Vol. 15, No. 13 (15 ml) , and the glass powder concentrations varied from 0.1 g glass / 10 ml physiological saline solution.
The first test has been performed with 0.1 ml of each pure culture of inoculums and 0.1 g of copper doped glass S2. After maintaining at constant temperature, no colonies of bacteria for any strain were found in the Petri dishes (Figure 9a ).
In the plates presented in fig. 9b and 9c doped glass has not been added but only pure cultures of each bacterium -they have a control role, to check the purity of culture media and strains of microorganisms. It can be seen that the bacteria has been developed optimally. Also the infection of plaques has been achieved (colonies could not be counted). a b c The test has been repeated for lower concentrations of bioactive glass, after elution of S2 glass for 6 hours in sterile physiological saline solution and subsequent to decimal dilutions. All this results are presented in Table  3 . 93-162 > 300 S2 > 300 > 300 S3(10-1) 19 88-106 S3 179-215 > 300 S3 > 300 > 300
For both bacterial cultures it is noted that the bioactive glass antimicrobial activity changes according to the concentration (dilution) of copper ions ( Figure 10 and Figure 11 ).
From Table 3 , it can be seen that Escherichia coli is more resistant than Staphylococcus aureus at the action of copper ions, because from the dilution of 10-2 g / ml the number of colonies approaches to 300, this phenomenon reveals a massive infection of the plaque.
In the case of the glass obtained by melting metod, the first test, the control test, has been achieved with 0.1 g of S3 glass in the culture medium, led to super infection of plates for both bacterial strains. This indicates that copper ions do not diffuse from the structure of the molten glass, although it has been milled and brought to the same granulation as the S2 glass synthesized by the sol-gel technique. In order to test the bacteriostatic activity of S3 melted glass, elutions in physiological saline solution for 6 and 24 hours has been performed. For the 6 hours eluted samples, the results were the same as for the non-eluted sample -the glass had no bacteriostatic activity, indicating that the copper ions which migrated from the glass did not have a sufficient concentration for a minimal bactericidal dose. After 24 hours of elution in sterile physiological saline solution and repeating the assay set, it was found that S3 glass samples began to have antimicrobial activity. As can be seen from Table 3 , it is noted that they have minimal bactericidal doses of 10 -2 g / ml Staphylococcus aureus and 10 -1 g / ml for Escherichia coli, with an order of magnitude smaller (ten times) than the S2 sol-gel glass. 
CONCLUSIONS
Three glass compositions from SiO 2 -CaO-P 2 O 5 system has been obtained by the sol-gel and melting of the oxide mixtures methods with rather low production costs.
One of the few advantages of the melting method is the much shorter synthesis time, about 4 hours. By comparison the sol-gel technique required about 136 hours.
The advantages of sol-gel synthesis consist in the ease of controlling glasses compositions, by adding doping materials, the possibility of obtaining powdered materials with a high specific surface and appropriate bioactivity for a wide range of compositions by comparison with melting method.
X-ray fluorescence spectroscopy confirmed a chemical composition very close to that calculated theoretically for both samples synthesized by the sol-gel technique.
In the case of melt glass the chemical composition determined by WD-XRF reveals differences from the theoretical and a relatively high degree of impurification (low conversion of precursors and the presence of undesired oxides -Al 2 O 3 and MgO).
The bioactivity of the glasses was revealed by XRD analysis. This method showed a different degree of reactivity in case of the two sol-gel compositions. Hydroxyapatite formation was highlighted in both compositions after immersion in the SBF solution.
Copper ion doping does not cancel bioactivity of glass S2, but the number of HAp peaks shown is considerably lower by comparison with composition S1.
In the case of glass obtained by melting method, the XRD analysis did not show the formation of hydroxyapatite, therefore the composition is not bioactive.
Formation of CaCO 3 after immersion of sample S1 can be attributed to the degree of saturation of SBF solution in Ca 2+ and HCO 3 ions and on the decrease of the pH of the medium, which favors the precipitation of basic pH compounds.
In the case of S2 glass composition has been identified the formation of CuO in considerable quantities, which is due to the oxidation of cuprous ions and the change of the balance Cu + → Cu 2+ which does not influence the antimicrobial activity of the glass.
CuO format partially collapses the pores of the hydrated silica network, which can reduce the rate of hydroxyapatite formation, but this process does not cancel out the bioactivity of doped glass S2.
The FTIR analysis of the two glasses confirms the presence of PO 4 3-, CO XRD and FTIR analyze show that the formation of the implant-tissue interface is initiated in vitro at 14 days after surgery.
Scanning electron microscopy (SEM) analysis revealed the formation of hydroxyapatite at the surface of the two sol-gel glasses after immersion in the SBF solution.
Glass S1 does not influence the viability of the bacterial strains investigated, and it does not exhibit either bactericidal or bacteriostatic activity. Developed colonies has been infected the plaque and could not be counted.
Copper doped glass by the sol-gel technique (S2) has a bactericidal effect for both strains, up to a minimum bactericidal dose of 10 -2 g / ml.
Considering the elution time, 4 time higher, for the S3 composition, it can be stated that the melt glass has a much lower bacteriostatic activity than the S2-sol-gel composition.
The antimicrobial activity of Cu is not diminished by the presence of other ionic species (Ca 2+ , phosphates, silicates) that diffuse with it in the physiological saline solution.
Bacteriostatic activity of the glass has been found to increase directly proportional with the copper concentration diffused in the copper doped glasses structure.
In the case of real graft conditions, in vivo, in order to benefit from the synergistic action of the two compositions synthesized by the sol-gel technique (bioactive and antimicrobial activity), both compositions can be used in the mixture.
The copper content of the S2 composition can not be greatly reduced without affecting the bactericidal capacity of the glass since the copper diffusion rate is slow enough and the bactericidal concentrations may be much lower under real implantation conditions. However, at ion concentrations released in the area of the implant, the critical post-surgical period can be exceeded without significantly reducing the bioactivity of the glass.
